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(54) Method of performing automatic frequency control in mobile station in waiting mode

(57) An AFC process is performed even when a
mobile station is in a waiting mode in which an incoming
call is monitored via a paging channel. Even in the wait-
ing mode, a finger receiver receives a BCCH, and an
AFC circuit carries out the AFC process using the
BCCH. No reception failure occurs even when a TCXO,
i.e., a reference oscillator, suffers frequency fluctuations
in the waiting mode.
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Description

[0001] The present invention relates to a CDMA (Code
Division Multiple Access) communication system, and
more particularly to a method of performing an AFC
(Automatic Frequency Control) process in a mobile sta-
tion in such CDMA communication system.
[0002] Recent years have seen much attention to a
CDMA communication system that is highly resistant to
interferences and disturbances as a mobile communi-
cation system. In the CDMA communication system, a
transmitting station spreads a user signal to be transmit-
ted with a spreading code and transmits the spread sig-
nal, and a receiving station despreads the spread signal
using a spreading code which is the same as the
spreading code used by the transmitting station for
thereby obtaining the original user signal.
[0003] The receiving station cannot despread the
spread signal unless the spreading codes used in the
transmitting and receiving stations are synchronized in
phase with each other. To achieve the spreading code
synchronization, mobile stations of the CDMA commu-
nication system use a TCXO (Temperature Controlled
Xtal Oscillator) of very high frequency accuracy as a ref-
erence oscillator for generating a reference frequency
signal for use in modulating signals received from a
base station, and perform an AFC process for equaliz-
ing the frequency of the reference frequency signal to
the frequency of a reference frequency signal of the
base station which serves as a transmitting station.
[0004] The AFC process is carried out based on a
pilot symbol contained in data that are transmitted from
the base station to the mobile station.
[0005] The physical format of a down link for data
transmission from a base station to a mobile station will
be described below with reference to Fig.1 of the
accompanying drawings.
[0006] Data transmitted from the base station com-
prises a plurality of radio frames 31 each having an
interval of 10 ms. Each of the radio frames 31 com-
prises 16 time slots 321 through 3216. Each of the time
slots 321 through 3216 contains pilot symbols 33. While
the pilot symbols 33 have different values depending on
the time slots 321 through 3216, they have a predeter-
mined pattern. Therefore, the mobile station is capable
of recognizing pilot symbols to be transmitted before
receiving the pilot symbols. There are four pilot symbols
contained in each time slot. The mobile station can
measure a frequency error with respect to the base sta-
tion using the four pilot symbols per time slot.
[0007] The frequency error will be described below
with reference to Fig.2 of the accompanying drawings.
In the CDMA communication system, QPSK (Quadra-
ture Phase Shift Keying) is employed as a primary mod-
ulation process to be effected on data before the data is
spread, and hence each symbol comprises 2-bit data,
i.e., each symbol takes a value of (0, 0), (0, 1), (1, 0), or
(1, 1). These values as plotted in a vector diagram are

shown in Fig.2. In Fig.2, the horizontal axis represents
the magnitude of an In-phase component (I) and the
vertical axis the magnitude of a Quadrature component
(Q). In Fig.2, a frequency error between measured data
91 of a first pilot symbol and measured data 90 of a sec-
ond pilot symbol is θ.

[0008] Immediately after a mobile station in a CDMA
mobile communication system is turned on, the mobile
station performs an AFC process using a BCCH (Broad-
cast Control Channel). When the frequency error
between a reference frequency and the frequency of a
signal received from the base station becomes smaller
than a certain value, the mobile station determines the
frequency as locked, and terminates the AFC process.
[0009] Operation of the mobile station after it has been
turned on and until it enters a waiting mode will be
described below with reference to Fig.3 of the accompa-
nying drawings. When the mobile station is turned on,
the mobile station receives all BCCHs which can be
received in step 201, and identifies a base station which
is transmitting the BCCH whose field intensity is great-
est, i.e., whose S/N ratio is best, of all the received
BCCHs, in step 202. A BCCH is a one-way control
channel for broadcasting control information from the
base station to the mobile station.
[0010] In step 203, the mobile station transmits infor-
mation such as of an ID number of the base station to
the base station via a RACH (Random Access Chan-
nel). The base station transmits various items of infor-
mation to the mobile station via a FACH (Forward
Access Channel) in step 204.
[0011] The mobile station stores the received informa-
tion, and enters a waiting mode for receiving a PCH
(Paging Channel) from the base station in steps 205,
206.
[0012] If the mobile station is notified of an incoming
call via the PCH in step 206, then the mobile station
receives a BCCH to obtain information again from the
base station in step 207. In step 208, the mobile station
receives a DTCH (Data Channel) to begin speech com-
munications. When the speech communications end,
the mobile station enters the waiting mode again in
steps 205, 206.
[0013] In step 201 or 202 immediately after the mobile
station is turned on, the mobile station performs the
AFC process using the received BCCH. Once the fre-
quency is locked in the AFC, the mobile station does not
perform the AFC process again.
[0014] However, if the mobile station remains in the
waiting mode for a long period of time or the ambient
temperature of the mobile station varies greatly, then
the frequency of the TCXO as the reference oscillator
also varies. As a consequence, an error between the
reference frequency of the base station and the refer-
ence frequency of the mobile station becomes greater
than a certain value, so that the mobile station tends to
fail to properly despread data transmitted from the base
station.
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[0015] It is therefore an object of the present invention
to provide a method of performing an AFC process in a
mobile station for preventing received data from failing
to be despread even if the frequency of a reference
oscillator fluctuates in a waiting mode.

[0016] To achieve the above object, in accordance
with an aspect of the present invention, there is pro-
vided a method of performing an automatic frequency
control process in a mobile station to equalize the fre-
quency of a reference frequency signal for use in
demodulating a signal received from a base station,
with the frequency of a reference frequency signal in the
base station. The automatic frequency control process
is carried out in a waiting mode in which a paging chan-
nel transmitted from the base station to indicate whether
there is an incoming call or not is being received.
[0017] According to another aspect of the present
invention, the automatic frequency control process is
carried out using a paging channel transmitted from the
base station to indicate whether there is an incoming
call or not, or a broadcast control channel, in a waiting
mode in which the paging channel is being received.
[0018] According to still another aspect of the present
invention, if a frequency error measured using a paging
channel transmitted from the base station to indicate
whether there is an incoming call or not is greater than
a predetermined value, the automatic frequency control
process is carried out using a broadcast control channel
in a waiting mode in which the paging channel is being
received.
[0019] With the above arrangements, since the AFC
process is carried out using the paging channel or the
broadcast control channel even in the waiting mode in
which an incoming call is monitored via the paging
channel, no reception failure occurs even when a refer-
ence oscillator suffers frequency fluctuations in the wait-
ing mode.
[0020] According to yet another aspect of the present
invention, the automatic frequency control process is
carried out using a broadcast control channel when the
broadcast control channel is received after an incoming
call has been indicated by a paging channel transmitted
from the base station and before speech communica-
tions for receiving a data channel begin.
[0021] With the above arrangement, because the AFC
process is carried out using the broadcast control chan-
nel after the waiting mode and before speech communi-
cations begin, the AFC process can be performed
without the need for no special processing for receiving
the broadcast control channel.
[0022] The AFC process may be carried out by con-
trolling a reference oscillator which generates the refer-
ence frequency signal.
[0023] The above and other objects, features, and
advantages of the present invention will become appar-
ent from the following description with reference to the
accompanying drawings which illustrate examples of
the present invention.

Fig.1 is a diagram showing the physical format of a
down link in a CDMA communication system;

Fig.2 is a vector diagram illustrative of a frequency
error;
Fig.3 is a flowchart of an operation sequence of a
general mobile station;
Fig.4 is a block diagram of a mobile station accord-
ing to a first embodiment of the present invention;
Fig.5 is a diagram of a signal format illustrative of
operation of interpolating synchronous detectors;
Fig.6 is a vector diagram illustrative of operation of
the interpolating synchronous detectors;
Fig.7 is a block diagram of an AFC circuit in the
mobile station shown in Fig.4;
Fig.8 is a block diagram of a mobile station accord-
ing to a second embodiment of the present inven-
tion;
Fig.9 is a block diagram of a mobile station accord-
ing to a third embodiment of the present invention;
Fig.10 is a flowchart of an operation sequence of
the mobile station shown in Fig.9;
Fig.11 is a block diagram of a mobile station
according to a fourth embodiment of the present
invention;
Fig.12 is a flowchart of an operation sequence of
the mobile station shown in Fig.11;
Fig.13 is a block diagram of a mobile station
according to a fifth embodiment of the present
invention; and
Fig.14 is a flowchart of an operation sequence of
the mobile station shown in Fig.13.

1st Embodiment:

[0024] As shown in Fig.4, a mobile station according
to a first embodiment of the present invention comprises
an antenna 1, an RF (Radio Frequency) unit 10, a mixer
2, a TCXO 3, an A/D converter 12, a plurality of finger
receivers 191 through 193, an AFC circuit 5, and a rake
mixer assembly 7.
[0025] The finger receivers 191 through 193 comprise
respective correlators 41 through 43, respective interpo-
lating synchronous detectors 81 through 83, and respec-
tive frequency error measuring units 61 through 63.
[0026] The RF unit 10 selects a signal having a certain
frequencies from signals received by the antenna 1,
amplifies the selected signal, and outputs the amplified
signal as a high-frequency signal.
[0027] The mixer 2 multiplies the high-frequency sig-
nal from the RF unit 10 by a reference frequency signal
generated by the TCXO 3 for thereby converting the
high-frequency signal into a baseband signal at a chip
rate. The TCXO 3 outputs, as the reference frequency
signal, a signal whose frequency has been controlled by
a control voltage 24 from the AFC circuit 5. The A/D
converter 12 converts the baseband signal at the chip
rate from the mixer 2 into a digital signal.
[0028] The correlators 41 through 43 despread the dig-
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ital signal from the A/D converter 12 using a spreading
code corresponding to a paging channel (PCH) thereby
to demodulate PCH data. The interpolating synchro-
nous detectors 81 through 83 determine phase errors
from pilot symbols contained in desired signals pro-
duced by the correlators 41 through 43, and correct the
desired signals so as to reduce the phase errors. Oper-
ation of the interpolating synchronous detectors 81
through 83 will be described below with reference to
Figs.5 and 6.

[0029] It is assumed that data are to be transmitted in
which a pilot symbol 14 in a certain time slot is (0, 0) and
a pilot symbol 15 in a next time slot is also (0, 0).
[0030] The data whose pilot symbol is (0, 0) is shown
at a position (0, 0) in Fig.6 if the data does not contain
any phase error in an ideal state. However, if the value
of the pilot symbol 15 is obtained at a position indicated
as measured data 40 though the value of the pilot sym-
bol 15 is obtained at the position (0, 0), then it is pre-
sumed that a phase error has occurred in an interval
after the pilot symbol 14 is received until the pilot sym-
bol 15 is received. Therefore, the interpolating synchro-
nous detectors 81 through 83 determine that measured
values of other symbols between the symbols 14, 15
similarly contain a phase error, and correct phase error
components estimated with respect to the obtained val-
ues.
[0031] The frequency error measuring units 61
through 63 determine frequency errors from pilot sym-
bols contained in desired signals produced by the corre-
lators 41 through 43. The rake mixer assembly 7
comprises a rake mixer 201 and a rake mixer 202.
[0032] The rake mixer 201 combines signals which
have been corrected in phase by the interpolating syn-
chronous detectors 81 through 83, at a maximum ratio.
The rake mixer 202 combines frequency error signals
from the frequency error measuring units 61 through 63
at a maximum ratio.
[0033] As shown in Fig.7, the AFC circuit 5 comprises
an averaging circuit 23, a comparator 22, and a control
voltage generator 21.
[0034] The averaging circuit 23 determines an aver-
age of frequency errors determined by the rake mixer
202. The comparator 22 compares the average deter-
mined by the averaging circuit 23 with a predetermined
value. Based on the compared result from the compara-
tor 22, the control voltage generator 21 generates and
outputs a control voltage 24 for controlling an output fre-
quency from the TCXO 3. The control voltage generator
21 also maintains the control voltage 24 at a constant
level after the frequency is locked in the AFC circuit 5.
[0035] Operation of the mobile station according to the
first embodiment will be described in detail below with
reference to Fig.4.
[0036] An RF signal from the antenna 1 is frequency-
converted into a chip rate signal by the mixer 2, and the
chip rate signal is converted into a digital signal by the
A/D converter 12. The digital signal is supplied to the

finger receivers 191 through 193 in which it is despread
by the correlators 41 through 43 to demodulate a PCH.
The interpolating synchronous detectors 81 through 83
remove fading from the PCH, and the rake mixer 201
combines the signals at a maximum ratio and outputs
the combined signal.

[0037] The PCH demodulated by the correlators 41
through 43 is supplied to the frequency error measuring
units 61 through 63, which determine frequency errors.
The frequency errors determined by the frequency error
measuring units 61 through 63 are combined at a maxi-
mum ratio by the rake mixer 202, which supplies the fre-
quency errors to the AFC circuit 5. In the AFC circuit 5,
the averaging circuit 23 calculates an average of the fre-
quency errors supplied from the rake mixer 202, and the
comparator 22 compares with the average with a prede-
termined value. The control voltage generator 21 gener-
ates and outputs a control voltage 24 for controlling the
frequency of the reference frequency signal from the
TCXO 3 based on the compared result from the compa-
rator 22, preferably if an error greater than a certain
value occurs between the average and the predeter-
mined value.
[0038] The frequency of the reference frequency sig-
nal from the TCXO 3 is controlled by the AFC process in
the AFC circuit 5 to synchronize the chip rate signal
from the mixer 2 with the reference frequency of the
base station.
[0039] In the mobile station according to the first
embodiment, since the AFC process (in step 205 shown
in Fig.3) using the PCH is carried out even in the waiting
mode, no reception failure occurs even if the TCXO 3
suffers frequency fluctuations in the waiting mode.
[0040] A basic operation sequence of the mobile sta-
tion according to the first embodiment, ranging from the
time it is turned on to the waiting mode or speech com-
munications, is the same as the operation sequence
shown in Fig.3, except for the features of the first
embodiment as described above. Phase control for the
finger receivers in a multipath environment is carried out
by a search engine (not shown), but will not be
described in detail as it has no direct bearing on the
present invention.

2nd Embodiment:

[0041] As shown in Fig.8, a mobile station according
to a second embodiment of the present invention differs
from the mobile station according to the first embodi-
ment shown in Fig.4 in that the finger receivers 191
through 193 according to the first embodiment are
replaced with finger receivers 91 through 93, respec-
tively, and a frequency error measuring unit 6 is newly
added.
[0042] The finger receivers 91 through 93 shown in
Fig.8 differ from the finger receivers 191 through 193
shown in Fig.4 in that they do not have the respective
frequency error measuring units 61 through 63.
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[0043] According to the second embodiment, the rake
mixer 202 combines and outputs signals despread by
the correlators 41 through 43 at a maximum ratio.

[0044] The frequency error measuring unit 6 accord-
ing to the second embodiment operates in the same
manner as the frequency error measuring units 61
through 63 shown in Fig.4. The frequency error measur-
ing unit 6 measures a frequency error of the output sig-
nal from the rake mixer 202, and outputs the measured
frequency error to the AFC circuit 5.
[0045] In the first embodiment shown in Fig.4, fre-
quency errors are measured from the signals despread
by the finger receivers 191 through 193, and combined
at a maximum ratio. Therefore, the finger receivers 191
through 193 require the respective frequency error
measuring units 61 through 63.
[0046] According to the second embodiment, how-
ever, the signals despread by the finger receivers 91
through 93 are combined at a maximum ratio by the rake
mixer 202, and thereafter the frequency error measuring
unit 6 measures a frequency error of the output signal
from the rake mixer 202. Consequently, the mobile sta-
tion according to the second embodiment performs the
same function as the mobile station according to the
first embodiment with the single frequency error meas-
uring unit.

3rd Embodiment:

[0047] In the first and second embodiments, the AFC
process is carried out using the PCH in the waiting
mode while the PCH is being received. However, since
the PCH is a channel transmitted in a burst under time
slot management, the PCH contains a small number of
data. Therefore, the AFC process that is carried out
using the PCH is time-consuming. As a result, if the
TCXO 3 suffers quick frequency fluctuations that are
faster than the rate of the AFC process, then the fre-
quency correction according to the AFC process may
not be able to follow fluctuations of the reference fre-
quency.
[0048] A mobile station according to a third embodi-
ment of the present invention carries out the AFC proc-
ess using a BCCH that is being transmitted at all times
from the base station in the waiting mode.
[0049] The mobile station according to the third
embodiment will be described below with reference to
Fig.9. Those parts in Fig.9 which are identical to those
in Fig.8 are denoted by identical reference numerals.
[0050] The mobile station according to the third
embodiment differs from the mobile station according to
the second embodiment shown in Fig.8 in that it does
not have the rake mixer 202, the finger receiver 93 is
replaced with a finger receiver 13, and the AFC circuit 5
generates a control voltage 24 based on a frequency
error from the finger receiver 13.
[0051] The finger receiver 13 comprises a correlator
43 and a frequency error measuring unit 6. The correla-

tor 43 despreads a digital signal from the A/D converter
12 using a spreading code corresponding to a BCCH for
thereby demodulating the data of the BCCH.

[0052] In the mobile station according to the third
embodiment, the finger receivers 91, 92 receive a PCH
to check if there is an incoming call or not, and the finger
receiver 13 receives a BCCH to perform the AFC proc-
ess.
[0053] An operation sequence of the mobile station
according to the third embodiment with respect to the
AFC process in the waiting mode will be described
below with reference to Fig.10.
[0054] In the waiting mode, the finger receivers 91, 92
in the mobile station receive a PCH to check if there is
an incoming call or not in step 205 shown in Fig.3. The
finger receiver 13 receives a BCCH to determine a fre-
quency error in the waiting mode in step 101. Then, the
mobile station decides whether the frequency error is
greater than a predetermined value or not in step 102.
[0055] If the frequency error is greater than the prede-
termined value, then the base station performs the AFC
process using the BCCH with the finger receiver 13 in
step 103. If the frequency error becomes smaller than
the predetermined value and it is confirmed that the fre-
quency is locked in the AFC process in step 104, then
the mobile station stops the AFC process. Thereafter,
control returns to step 101, and enters the waiting
mode.
[0056] While the finger receiver 13 receives a BCCH,
the finger receivers 91, 92 receive a PCH for thereby
continuing the waiting mode.
[0057] In the mobile station according to the third
embodiment, the AFC process using the BCCH is per-
formed in the waiting mode in which the PCH is
received. A PCH is a channel transmitted in a burst,
whereas a BCCH is a channel transmitted at all times
from the base station. Therefore, the AFC process
using the BCCH is faster than the AFC process using
the PCH. Consequently, no reception failure occurs
even if the TCXO 3 suffers frequency fluctuations in the
waiting mode.
[0058] The arrangement of the third embodiment can
be realized because the BCCH has the same frequency
as, but a different code from, the PCH.

4th Embodiment:

[0059] A mobile station according to a fourth embodi-
ment of the present invention operates as follows: In the
waiting mode, if a frequency error measured using a
PCH becomes greater than a predetermined value,
then the mobile station switches at least one of the fin-
ger receivers to receive a BCCH, and performs the AFC
process using the BCCH. When the frequency is locked
in the AFC process, the mobile station switches the fin-
ger receiver, which has been switched to receive the
BCCH, to receive the PCH.
[0060] As shown in Fig.11, the mobile station accord-
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ing to the fourth embodiment differs from the mobile sta-
tion according to the first embodiment shown in Fig.4 in
that a switching unit 27 and a control unit 26 are newly
added, and an AFC circuit 25 is provided in place of the
AFC circuit 5.

[0061] If a control signal 29 from the control unit 26 is
inactive, then the correlator 43 of the finger receiver 193
despreads a digital signal from the A/D converter 12
using a spreading code corresponding to a PCH for
thereby demodulating the data of the PCH. If the control
signal 29 is active, then the correlator 43 despreads a
digital signal from the A/D converter 12 using a spread-
ing code corresponding to a BCCH for thereby demodu-
lating the data of the BCCH.
[0062] If the control signal 29 is inactive, the switching
unit 27 outputs an output signal from the interpolating
synchronous detector 83 to the rake mixer 201, and also
outputs a frequency error determined by the frequency
error measuring unit 63 to the rake mixer 202. If the con-
trol signal 29 is active, the switching unit 27 does not
output an output signal from the interpolating synchro-
nous detector 83 to the rake mixer 201, and outputs a
frequency error determined by the frequency error
measuring unit 63 to the AFC circuit 25.
[0063] The AFC circuit 25 functions in the same man-
ner as the AFC circuit 5 shown in Fig.4, and also func-
tions to output an AFC lock signal 28 when the
frequency is locked in the AFC circuit 25.
[0064] The control unit 26 is supplied with a frequency
error determined by the rake mixer 202. If the frequency
error becomes greater than a predetermined value,
then the control unit 26 makes the control signal 29
active, causing the AFC circuit 25 to start the AFC proc-
ess. When the AFC circuit 25 outputs the AFC lock sig-
nal 28 and the control signal 26 thus detects when the
frequency is locked in the AFC circuit 25, the control unit
26 makes the control signal 29 inactive.
[0065] An operation sequence of the mobile station
according to the fourth embodiment will be described
below with reference to Fig.12. The operation sequence
of the mobile station shown in Fig.12 differs from the
operation sequence of the mobile station shown in Fig.3
in that new steps are added between steps 205, 206
shown in Fig.3. Fig.12 mainly shows those newly added
steps.
[0066] When the mobile station receives a PCH in
step 205, the control unit 26 measures a frequency error
of the PCH in step 901. The control unit 26 then decides
whether the measured frequency error is greater than a
predetermined value or not in step 902. If the frequency
error is greater than the predetermined value, then the
control unit 26 makes the control signal 29 active to
switch the finger receiver 193 from a PCH reception
mode to a BCCH reception mode in step 903. The con-
trol unit 26 controls the switching unit 27 such that the
switching unit 27 does not output an output signal from
the interpolating synchronous detector 83 to the rake
mixer 201, and outputs a frequency error determined by

the frequency error measuring unit 63 to the AFC circuit
25.

[0067] In step 904, the AFC circuit 25 performs the
AFC process using a BCCH. The AFC circuit 25
decides whether the frequency is locked in the AFC
process or not in step 905. If the frequency is locked in
the AFC process, then the AFC circuit 25 outputs an
AFC lock signal 28, and the control unit 26 makes the
control signal 29 inactive to switch the finger receiver
193 from the BCCH reception mode to the PCH recep-
tion mode in step 906. The control unit 26 controls the
switching unit 27 to output the output signal from the
interpolating synchronous detector 83 to the rake mixer
201, and also output the frequency error determined by
the frequency error measuring unit 63 to the rake mixer
202.
[0068] It is decided whether there is an incoming call
in step 206. If there is no incoming call, then control
goes back to step 205 for the reception of a PCH. If
there is an incoming call, then control proceeds to step
207 (see Fig.3).

5th Embodiment:

[0069] A mobile station according to a fifth embodi-
ment of the present invention operates as follows: In the
waiting mode, the mobile station switches at least one of
the finger receivers to receive a BCCH at a certain time
interval, and measures a frequency error using the
BCCH. When the measured frequency error becomes
greater than a predetermined value, the mobile station
performs the AFC process using the BCCH. When the
frequency is locked in the AFC process, the mobile sta-
tion switches the finger receiver, which has been
switched to receive the BCCH, to receive the PCH.
[0070] As shown in Fig.13, the mobile station accord-
ing to the fifth embodiment comprises an antenna 1, an
RF unit 10, a mixer 2, a TCXO 3, an A/D converter 12, a
plurality of finger receivers 91, 92, 193, an AFC circuit
25, a rake mixer 201, switching units 37, 38, and a con-
trol unit 36.
[0071] If a control signal 29 from the control unit 36 is
inactive, then the switching unit 37 outputs an output
signal from the interpolating synchronous detector 83 to
the rake mixer 201. If the control signal 29 is active, the
switching unit 37 does not output an output signal from
the interpolating synchronous detector 83 to the rake
mixer 201. If a control signal 39 from the control unit 26
is active, then the switching unit 38 outputs a frequency
error determined by the frequency error measuring unit
63 to the AFC circuit 25.
[0072] If the control signal 29 is inactive, then the cor-
relator 43 of the finger receiver 193 despreads a digital
signal from the A/D converter 12 using a spreading
code corresponding to a PCH for thereby demodulating
the data of the PCH. If the control signal 29 is active,
then the correlator 43 despreads a digital signal from the
A/D converter 12 using a spreading code corresponding
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to a BCCH for thereby demodulating the data of the
BCCH.

[0073] The control unit 36 makes the control signal 29
active at a certain time interval to switch the finger
receiver 193 from a PCH reception mode to a BCCH
reception mode. If the frequency error determined by
the frequency error measuring unit 63 is greater than a
certain value, the control unit 36 makes the control sig-
nal 39 active to output the frequency error to the AFC
circuit 25. When the AFC circuit 25 outputs the AFC lock
signal 28 and the control signal 26 thus detects when
the frequency is locked in the AFC circuit 25, the control
unit 36 makes the control signals 29, 39 inactive.
[0074] An operation sequence of the mobile station
according to the fifth embodiment will be described
below with reference to Fig.14. The operation sequence
of the mobile station shown in Fig.14 differs from the
operation sequence of the mobile station shown in Fig.3
in that new steps are added between steps 205, 206
shown in Fig.3. Fig.14 mainly shows those newly added
steps.
[0075] When the mobile station receives a PCH in
step 205, the control unit 36 decides whether a certain
period of time has elapsed or not in step 1101. If the
certain period of time has elapsed, then the control unit
36 makes the control signal 29 active in step 1102 to
switch the finger receiver 193 from the PCH reception
mode to the BCCH reception mode. The control unit 36
also controls the switching unit 37 so as not to output an
output signal from the interpolating synchronous detec-
tor 83 to the rake mixer 201.
[0076] Then, the frequency error measuring unit 63
measures a frequency error in step 1103. The control
unit 36 then decides whether the measured frequency
error is greater than a predetermined value or not in
step 1104. If the frequency error is greater than the pre-
determined value, then the control unit 36 makes the
control signal 39 active to control the switching unit 38 to
output the frequency error determined by the frequency
error measuring unit 63 to the AFC circuit 25, and the
AFC circuit 25 performs the AFC process using a BCCH
in step 1105. The AFC circuit 25 decides whether the
frequency is locked in the AFC process or not in step
1106. If the frequency is locked in the AFC process,
then the AFC circuit 25 outputs the AFC lock signal 28,
and the control unit 36 makes the control signals 29, 39
inactive to switch the finger receiver 193 from the BCCH
reception mode to the PCH reception mode in step
1107. The control unit 36 controls the switching unit 37
to output the output signal from the interpolating syn-
chronous detector 83 to the rake mixer 201, and not to
output the frequency error determined by the frequency
error measuring unit 63 to the AFC circuit 25.

6th Embodiment:

[0077] A mobile station according to a sixth embodi-
ment of the present invention will be described below.

[0078] As shown in Fig.3, if the mobile station is noti-
fied of an incoming call via the PCH in step 206 in the
waiting mode, then the mobile station receives a BCCH
to obtain information again from the base station in step
207. In step 208, the mobile station receives a DTCH
(Data Channel) to begin speech communications.

[0079] In the sixth embodiment, when the mobile sta-
tion receives a BCCH in response to an incoming call
via a PCH, i.e., when the mobile station receives a
BCCH before speech communications begin, the
mobile station performs the AFC process using the
BCCH.
[0080] In the third embodiment described above, the
mobile station receives a BCCH and performs the AFC
process using the BCCH in the waiting mode in which
BCCHs are not received usually. According to the sixth
embodiment, however, when the mobile station
receives a BCCH in an ordinary process, the mobile sta-
tion also performs the AFC process using the BCCH.
Therefore, the mobile station can perform the AFC proc-
ess using the BCCH even without assigning a finger
receiver for the reception of the BCCH.
[0081] In the first through sixth embodiments, there
are three finger receivers 91 through 93 or three finger
receivers 191 through 193 for receiving a PCH or a
BCCH. However, the principles of the present invention
are also applicable to a mobile station having more or
less finger receivers.
[0082] In the three through fifth embodiments shown
in Figs.9, 11, and 13, only one finger receiver 13, 193 is
employed for receiving a BCCH. However, if the mobile
station has 10 finger receivers, for example, then a plu-
rality of, e.g., two or three, finger receivers may be
assigned for receiving a BCCH. Such plural finger
receivers for receiving a BCCH are effective to increase
the accuracy of an obtained frequency error and hence
the accuracy of the AFC process.

Claims

1. A method of performing an automatic frequency
control process in a mobile station to equalize the
frequency of a reference frequency signal for use in
demodulating a signal received from a base station,
with the frequency of a reference frequency signal
in the base station, comprising the step of:

carrying out said automatic frequency control
process in a waiting mode in which a paging
channel transmitted from said base station to
indicate whether there is an incoming call or
not is being received.

2. A method of performing an automatic frequency
control process in a mobile station to equalize the
frequency of a reference frequency signal for use in
demodulating a signal received from a base station,
with the frequency of a reference frequency signal
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in the base station, comprising the step of:

carrying out said automatic frequency control
process using a paging channel transmitted
from said base station to indicate whether there
is an incoming call or not, in a waiting mode in
which said paging channel is being received.

3. A method of performing an automatic frequency
control process in a mobile station to equalize the
frequency of a reference frequency signal for use in
demodulating a signal received from a base station,
with the frequency of a reference frequency signal
in the base station, comprising the step of:

carrying out said automatic frequency control
process using a broadcast control channel in a
waiting mode in which a paging channel trans-
mitted from said base station to indicate
whether there is an incoming call or not is being
received.

4. A method of performing an automatic frequency
control process in a mobile station to equalize the
frequency of a reference frequency signal for use in
demodulating a signal received from a base station,
with the frequency of a reference frequency signal
in the base station, comprising the step of:

if a frequency error measured using a paging
channel transmitted from said base station to
indicate whether there is an incoming call or
not is greater than a predetermined value, car-
rying out said automatic frequency control
process using a broadcast control channel in a
waiting mode in which said paging channel is
being received.

5. A method of performing an automatic frequency
control process in a mobile station to equalize the
frequency of a reference frequency signal for use in
demodulating a signal received from a base station,
with the frequency of a reference frequency signal
in the base station, comprising the step of:

carrying out said automatic frequency control
process using a broadcast control channel
when the broadcast control channel is received
after an incoming call has been indicated by a
paging channel transmitted from said base sta-
tion and before speech communications for
receiving a data channel begin.

6. A method according to claim 1, 2, 3, 4 or 5, wherein
said step of carrying out said automatic frequency
control process comprises the step of controlling a
reference oscillator which generates said reference
frequency signal.
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